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INTRODUCTION 


Potassium  permanganate  oxidation  is  generally  used  as  the  basis  for 
the  visual  titrimetric  determination  of  vanadium;  however,  the  oxidation 
proceeds  slowly  and,  in  many  instances,  offers  an  end-point  difficult  to 
determine.  The  ferrous  aimonium  sulfate  reduction  of  vanadium,  a  rapid 
reaction,  is  used  as  the  basis  for  the  sdmewhat  less  popular  but  very  ac¬ 
curate  potentiometric  titration;  but,  here  too,  the  determination  of  the 
end-point  is  rather  tricky  and  requires  numerous  readings  near  the  end¬ 
point. 

Both  of  the  above  titration  techniques  have  been  employed  successfully 
in  the  analysis  of  vanadium  steels;  however,  in  the  case  of  trace  amounts 
of  vanadium,  say  less  than  0.01  percent,  these  techniques  leave  much  to  be 
desired.  In  addition  to  the  difficulties  noted  above,  sample  weight  must 
be  increased  to  improve  the  titrant-to-blank  ratio  and  the  bulk  of  the  iron 
should  be  removed  by  bicarbonate  and/or  mercury  cathode  separation. 

Vanadium  content  of  steels  has  also  been  determined  by  colorimetric 
and  spectrochemical  methods.  In  the  colorimetric  method,  interference 
caused  by  the  presence  of  strong  acids  and  elements  such  as  iron,  tungsten, 
chromium,  nickel,  and  molybdenum  has  been  minimized  but  only  with  difficulty. 
For  very  low  concentrations  of  vanadium,  i.e.,  less  than  0.05  percent, 
spectrochemical  methods  are  generally  recommended  and  have  been  found 
satisfactory  down  to  the  0.005  percent  level  where  error  as  high  as  50 
percent  may  be  acceptable. 

An  amperometric  titration  of  vanadium  offers  an  excellent  solution  to 
the  difficulties  and  limitations  exhibited  by  the  above  methods.  This 
technique  allows  the  ferrous  ammonium  sulfate  reduction  of  vanadium,  a 
rapid  reaction,  and  offers  an  easily  determinable  end-point.  Data  of  the 
titration  is  required  not  in  the  area  of  the  end-point,  as  in  a  potentio¬ 
metric  titration,  but  considerably  before  and  after  it.  The  titration  is 
performed  by  noting  the  current  which  flows  as  the  titrant  is  added  to  a 
solution  across  which  a  specific  constant  potential  is  applied  through  an 
indicator  electrode  and  reference  electrode.  Depending  on  the  potential 
applied,  this  current  may  be  proportional  to  the  concentration  of  species 
being  titrated,  the  concentration  of  excess  of  titrant,  or  the  concentra¬ 
tion  of  a  product  of  the  reaction. ^  In  the  proposed  titration  of  vanadium 
with  ferrous  ammonium  sulfate  there  is  no  major  change  in  current  until 
excess  ferrous  ions  are  present.  A  plot  of  the  current  versus  volume  of 
titrant  would  consist  of  two  straight  lines  which  intersect  at  the  end¬ 
point  of  the  titration.  The  sensitivity  of  this  type  of  titration  should 
permit  the  accurate  determination  of  vanadium  in  the  range  of  0.0008  to 
0.1  percent,  the  lower  limit  of  which  is  now  undeterminable  by  other 
chemical  methods. 

Parks  and  Agazzi^  amperometrically  determined  vanadium  in  samples  of 
steel  containing  0.97  percent  and  0.03  percent  vanadium  by  ferrous  ammonium 
sulfate  reduction  in  a  sulfuric-perchloric  acid  medium.  .  A  rotating  platinum 
electrode  at  +1.0  volt  versus  the  saturated  calomel  electrode  (S. C.E. )  was 
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used  to  indicate  the  changes  in  ferrous  concentration.  Rulfs,  Lagowski, 
and  Bahor®  used  a  similar  procedure  in  a  sulfuric  acid  medium  on  several 
steel  samples  containing  0.273  percent  to  2.04  percent  vanadium.  In 
addition  they  found  0.005  percent  vanadium  in  a  steel  with  a  certified  value 
of  0.003  percent.  Titrations  were  perforn»d  with  a  rotating  platinum 
electrode  at  +0.65  volt  (versus  S.C.E. ).  Hiett  and  Kobetz^  determined  the 
vanadium  in  silica-alumina  cracking  catalysts  by  an  amperometric  ferrous 
titration  based  on  the  method  of  Parks  and  Agazzi. 

With  the  results  of  the  previous  workers  in  mind,  it  was  undertaken  to 
show  that  extremely  small  amounts,  in  the  range  of  0.0002  to  0.1  percent, 
of  vanadium  can  be  determined  accurately  and  quickly  by  the  use  of  an 
amperometric  titration  with  ferrous  ammonium  sulfate.  Furthermore,  it  can 
be  shown  that  the  sulfuric-phosphoric  acid  medium  used  in  this  laboratory 
for  preparation  of  steel  samples  for  chromium  determination  will  act  as  a 
suitable  medium  for  the  titration  and  that  many  solutions  analyzed  for 
chromium  may  be  subsequently  analyzed  for  traces  of  vanadium. 


EXPERHtENTAL 


I.  Background 

A.  Chemistry  of  the  Method 

In  the  usual  determination  of  chromium  and  vanadium  in  steel  in 
this  laboratory  a  sample  is  dissolved  in  dilute  sulfuric-phosphoric  acid 
and  the  resulting  solution  oxidized  with  a  solution  of  silver  nitrate-nitric 
acid.  This  leaves  a  solution  containing  Fe'*^®,  Cr*®,  Mn'*'®,  and  V*®.  Further 
oxidation  with  airinonium  persulfate  (catalyzed  by  the  Ag'*^  present)  changes 
the  chromium  to  Cr'*’®  and  the  manganese  to  Mn*®.  Excess  persulfate  is  de¬ 
composed  by  boiling  the  solution  and  a  small  amount  of  hydrochloric  acid  is 
added  to  reduce  Mh*®  to  Mn*®  and  precipitate  the  Ag*  as  AgCl. 

The  solution  is  then  analyzed  for  chromium  by  adding  a  measured 
excess  of  standardized  ferrous  ammonium  sulfate,  which  reduces  Cr^®  to  Cr*® 
and  V*®  to  V*®,  and  back- titrating  with  standardized  potassium  permanganate, 
which  oxidizes  the  excess  Fe*®  to  Fe*®  and  V*®  to  V*®.  Thus,  the  milli- 
equivalents  of  permanganate  ion  added  can  be  subtracted  from  the  milli- 
equivalents  of  ferrous  ion  added  and  a  value  obtained  for  the  chromium 
content  of  the  sample. 

This  solution  is  then  used  for  the  determination  of  vanadium. 

Excess  ferrous  ammonium  sulfate  is  added  to  reduce  the  vanadium  to  V*®  and 
to  reduce  the  excess  permanganate  required  to  observe  the  end-point  in  the 
titration  of  chromium.  Ammonium  persulfate  is  added  to  oxidize  the  excess 
of  ferrous  ammonium  sulfate,  and  standardized  potassium  pennanganate  is 
then  added  to  oxidize  the  vanadium  to  V*®.  As  stated  previously,  this  re¬ 
action  proceeds  slowly  and  the  end-point  of  the  titration  is  difficult  to 
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determine  accurately,  especially  if  the  solution  is  colored  by  other 
elements  in  the  steel  sample.  By  this  method  the  lowest  amount  of  vanadium 
determinable  in  a  two-gram  sample  is  about  0.03  percent. 

Our  aim  was  to  use  the  solution  from  which  the  chromium  was  de¬ 
termined  for  the  amperometric  titration  of  vanadium  with  ferrous  ammonium 
sulfate.  To  do  this  ferrous  ions  must  react  with  the  V*’®  only.  Therefore, 
the  following  chemical  manipulations  were  performed  on  the  solution: 
potassium  permanganate  was  added  in  excess  to  insure  complete  oxidation  of 
vanadium  to  V^®;  potassium  nitrite  was  added  to  destroy  the  excess  per¬ 
manganate;  and  urea  was  added  to  remove  the  excess  nitrite.  The  solution 
was  then  titrated  amperometrically  with  ferrous  ammonium  sulfate  using  a 
rotating  platinum  electrode  at  +1.0  volt  (versus  S.C.E. )• 

B.  Amperometric  Titration  Technique 

1.  Apparatus  -  Figure  1  is  a  sketch  of  the  apparatus  arrangement 
used  in  this  study. 

A  Sargent  Model  XXI  Polarograph  with  synchronous  rotating  platinum 
electrode  and  saturated  calomel  reference  electrode  was  used  to  observe  the 
changes  in  current  during  a  titration. 

Standardized  ferrous  ammonium  sulfate  was  added  from  a  5-ml  micro¬ 
buret  with  the  tip  immersed  in  the  solution  to  insure  accurate  delivery  of 
amounts  observed  on  the  buret. 

A  magnetic  stirrer,  operating  at  constant  speed,  mixed  the  solution 
rapidly  as  titrant  was  added. 

To  allow  ease  of  handling,  an  agar-KNOj  salt  bridge  was  used 
between  the  solution  (in  a  600-ml  beaker)  and  the  working  compartment  of  an 
H-cell  containing  saturated  KCl.  This  H-cell  had  an  agar-KCl  salt  bridge 
between  its  working  compartment  and  the  S.C.E.  compartment. 

2.  Preliminary  Investigations  -  To  find  the  optimum  potential 
for  a  titration  several  current-voltage  cxirves  were  determined  (Figure  2). 
Sulfuric-phosphoric  acid  (O. 6  molar  and  0.24  molar  respectively)  was  tested 
and  found  to  produce  a  small  residual  current  from  +1.40  to  +0.50  volts 
(versus  S.C.E.)  (Curve  A).  The  addition  of  1  ml  of  0.010  normal  ferrous 
ammonium  sulfate  to  325  ml  of  this  acid  mixture  produced  a  significant 
anodic  current  from  +1.40  to  abxiut  +0.50  volts  with  an  apparently  diffusion- 
controlled  process  occurring  from  +1.40  to  about  +0.90  volts  (Curve  B). 

The  addition  of  1  ml  of  concentratca  hydrochloric  acid  to  this  solution 
narrowed  the  potential  range  of  the  diffusion-controlled  current  to  +1. 10 
to  +0.90  volts  (Curve  C). 

To  determine  the  effect  of  a  large  amount  of  ferric  ions,  two  grams 
of  "electrolytic-pure"  iron  powder  were  dissolved  in  sulfuric-phosphoric 
acid  and  carried  through  the  proposed  chemical  analysis  procedure.  A 
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Figure  I.  SKETCH  OF  APPARATUS 


Figure  2.  CURRENT-VOLTAGE  CURVE  OF  H2SO4-H3PO4  (0.6  molar  and  0. 2N  molar  respectively): 
(A)  with  no  additions:  (0)  with  I  ml  of  0.010  normal  Fe{NH4)  2  (SO4)  2;  and 
(C)  with  i  ml  of  0.010  normal  Fe (NH4) 2 (SO4) 2  I  isl  of  concentrated  HCI. 


current-voltage  curve  (Figure  3,  Curve  A)  of  this  solution  showed  a  resi¬ 
dual  current  line  from  +1.10  volts  to  about  +0.65  volt  after  which  the 
platinum  indicated  either  the  presence  of  large  amounts  of  ferric  ions  or 
the  start  of  a  dissolution  pattern  of  oxide  film.®  The  addition  of  0.10  ml 
of  ferrous  ammonium  sulfate  to  this  solution  caused  an  apparently  diffusion- 
controlled  anodic  current  from  +1.10  to  +0.90  volts.  This  last  current- 
voltage  curve  (Curve  B)  indicated  that  at  a  potential  of  about  +1.00  volt 
(versus  S. C.E. )  the  platinum  electrode  acts  as  a  good  indicator  of  ferrous 
ions  'in  the  presence  of  a  supporting  electrolyte  of  ferric,  sulfate, 
phosphate  and  chloride  ions.  At  this  very  positive  potential  there  is  no 
reaction  from  dissolved  air  and,  therefore,  no  need  to  remove  it.  Elements 
generally  found  in  steel  and  subjected  to  the  chemical  reactions  of  the 
proposed  procedure  should  not  react  at  the  indicator  electrode  at  this 
potential. 
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Figure  3.  CURRENT-VOLTAQE  CURVE  OF  "ELECTROLYTIC-PURE*  IRON  CARRIED  THROUGH  THE 
PROPOSED  PROCEDURE:  (A)  prior  to  eddltion  of  Fe(HH4)  j  (SO4)  3;  and 
(B)  with  the  addition  of  0.10  ml  of  0.010  normal  Fe  (NH4)  3  (SO4)  j. 


II.  Experimentation  and  Results 

A.  Current  versus  Excess  Titrant 

Ferrous  ammonium  sulfate  (O.OlO  N)  was  added  to  325  ml  of  sulfuric- 
phosphoric  acid  (0.6  M  and  0.24  M  respectively)  to  observe  the  changes  in 
current  with  increase  in  ferrous  concentration  (Figure  4).  Prior  to  the 
addition  of  any  ferrous  ammonium  sulfate,  a  small  residual  cathodic  current, 
characteristic  of  all  titrations,  was  observed.  Because  of  the  large 
volume  of  acid  solution  used,  the  curve  of  current  versus  milliliters  of 
titrant  did  not  require  corrections  for  dilution  in  order  to  observe  the 
desired  straight  line  relationship.  An  increase  in  anodic  current  of 
about  0.4  microampere  was  observed  for  each  0.10-ml  addition  of  ferrous 
ammonium  sulfate.  With  a  sensitivity  setting  of  0.008  microampere  per 
millimeter  on  the  polarograph  this  increase  produced  a  50-mm  deflection  of 
the  recorder  pen,  a  very  sensitive  means  of  observing  currc  it  changes. 
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CURRENT  (IN  MICROAMPERES) 


Figure  5  is  a  titration  curve  of  the  standardization  with  20  ml 
of  O.OOI8O44  normal  potassium  dichromate  and  is  representative  of  most 
titration  curves.  Prior  to  the  equivalence  point  there  is  slight,  if  any, 
change  in  current.  Around  the  equivalence  point  there  is  a  rise  in  current 
due  to  equilibrium  between  reactants.  Following  this  there  is  linear  in¬ 
crease  in  current  with  excess  of  ferrous  ammonium  sulfate.  The  intersection 
of  two  straight  lines  drawn  from  the  linear  portions  of  the  curve  is  the 
equivalence  point  of  the  titration. 


Milliliters  of  F«(MH^)2(80^)jj 

Figure  5.  TITRATION  CURVE  OF  THE  STANDARDIZATION  OF  0.010  NORMAL  Fe(NN^)2(’<’4)2 
WITH  20  ml  OF  O.OOISOH^  NORMAL  KjCrjO,  IN  326  ml  of  HjSO^-HjPO^  (0.6  molar 
and  0.2H  molar  respectively).  Equivalence  point  equals  S.HSS  ml. 
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PEN  DEFLECTIONS  (IN  MILLIMETERS) 


C.  standardization  of  Sodium  Vanadate 


Using  the  titer  of  the  ferrous  ammonium  sulfate  derived  from 
standardization  with  potassium  dichromate,  a  solution  of  0.0017  'normal 
sodium  vanadate  (Appendix  I),  which  was  to  be  used  in  recovery  testing, 
was  standardized  by  amperometric  techniques.  The  results  showed  the  vanadium 
content  to  be  significantly  less  than  that  indicated  for  the  salt  employed. 
This  was  to  be  expected  as  another  method  used  in  this  laboratory  for 
determining  vanadium  had  shown  a  comparable  deviation,  i.e.,  about  5  percent 
less  than  expected. 

Two  methods  of  solution  preparation  were  tested  in  determining 
amperometrically  the  vanadium  value  of  the  sodium  vanadate  solution.  In  the 
first  method  the  sodium  vanadate  solution  was  added  to  the  usual  325  ml  of 
sulfuric-phosphoric  acid  and  titrated  directly.  In  the  second  method  the 
sodium  vanadate  from  the  first  titration  was  reoxidized  by  permanganate; 
excess  permanganate  was  destroyed  by  nitrite;  excess  nitrite  was  destroyed 
by  urea;  and  the  titration  with  ferrous  ammonium  sulfate  was  performed  in 
the  usual  way.  This  double  standardization  confirmed  the  vanadium  content 
of  the  sodium  vanadate  and  also  showed  that  all  the  vanadium  in  the  salt 
was  present  in  the  +5  valence  state. 

D.  Vanadium  Recovery  from  Synthetic  Standards 

Standardized  sodium  vanadate  solution  was  added  to  2.000  grams  of 
NBS  55d  iron  and  the  sample  dissolved  in  sulfuric-phosphoric  acid.  After 
solution  preparation  according  to  the  procedure  in  Appendix  II,  vanadium 
was  determined  amperometrically.  Several  such  synthetic  standards  were 
prepared,  using  0.0017,  0.00017,  and  0.000017  normal  sodium  vanadate,  and 
analyzed  for  vanadium.  Table  I  shows  the  recovery. 

From  this  data  it  can  be  seen  that  vanadium  can  be  determined  ac- 
Curatsily  in  the  range  of  0.1  percent  (2  mg  V)  to  0.0002  percent  (0.004  mg  V). 

TABLE  I 

Recovery  of  Vanadium  Added  to  Iron-base*  Solutions 


ag  V  added 

ag  V  found 
(loan  blank) 

2.18 

2.18 

1.74 

1.74 

1.31 

1.31 

.870 

.865 

.43$ 

.435 

.318 

.215 

.087 

.086 

.044 

.043 

.022 

.022 

.013 

.011 

.004 

.004 

.000  (blank) 

(.0016) 

*T*o  graaa  of  NBS  SSd  iron  Maplo.  Boned  on  tha  titration  of  thn 
blank  (0.0016  ag  V  found)  thia  taaplo  containn  <0.0001X  V. 
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E.  Effect  of  Excess  Reagents 

Titrations  were  performed  on  excesses  of  reagents  used  subsequent 
to  the  oxidation  with  ammonium  persulfate.  A  five-fold  excess  of  urea, 
five-fold  excess  of  nitrite,  ten-fold  excess  of  permanganate,  and  a  five¬ 
fold  excess  of  hydrochloric  acid  did  not  increase  the  required  number  of 
milliliters  of  titrant  for  the  titration  of  the  high  purity  iron  sample 
(NBS  55d).  In  all  cases  the  sample  and  excess  reagents  required  only  0.003 
ml  of  ferrous  ammonium  sulfate  (O.OlO  ’).  It  may  be  assumed  that  this  is 
due  to  traces  of  vanadium  in  the  iron  cample. 

F.  Analysis  of  NBS  Standard  Samples 

Several  samples  of  NBS  Standard  Steels  and  Cast  Irons  with  certi¬ 
fied  vanadium  values  were  analyzed  by  the  proposed  method.  Column  C, 

Table  II,  shows  excellent  reproducibility  of  several  duplicate  analyses. 
When  these  results  are  compared  to  their  respective  certificate  values, 
column  B,  close  agreement  to  average  values  is  observed  and,  in  all  but 
two  samples  (30e  and  36a),  amperometric  titration  results  are  within  the 
range  of  values  reported  in  the  certification  of  the  samples. 

Samples  4g  and  107,  cast  irons,  were  titrated  without  removal  of 
the  heavy  carbide  solids  formed  during  the  dissolution  of  the  samples. 

With  these  carbides  present  the  recorder  pen  oscillated  considerably  at 
currents  greater  than  0.4  microampere;  but  this  did  not  prevent  the  de¬ 
termination  of  the  end-point.  The  analytical  result  on  a  sample  of  107 
which  was  filtered  prior  to  final  oxidation  with  potassium  permanganate 
did  not  differ  significantly  from  the  results  on  unfiltered  solutions. 

TABLE  II 

Determination  of  Vanadium  in  NBS  Standard  Samples 


A 

B 

C 

NBS  Standard 

Sanpl*  Nunber  (and  Typ*) 

Certificat*  Valu* 
for  X  V 

X  v  Found  by 
Aap*ron*tric  Titration 

Av*rag* 

Rang* 

4g  (Cait  Iron) 

0.011 

0.007-0.016 

0.0093 

0.0096 

lOf  (St**l,  0.4C) 

.003 

.002-  .004 

.0036 

.0039 

irf  (StMl,  0.2C) 

.007 

.005-  .009 

.0070 

.0070 

20d  (St**l,  0.4C) 

.049 

.045-  .055 

.0457 

30*  (Cr-V  St**l) 

.149 

.146-  .152 

.145 

.145 

36a  (Cr-V  St**l) 

.006 

.005-  .007 

.0039 

SSa  (Iron) 

<.000S 

<.0002-. 001 

<.0002 

<.0002 

SSd  (Iron) 

<.001 

<.001-  .001 

<.0001 

<.0001 

106a  (Cr-Mo-Al  St*al) 

.002* 

.0030 

107  (Ni-Cr-Mo  Cant  Iron) 

.015 

.011-  .017 

.0146 

.0140" 

.0129 

'Only  on*  valu*  r*port*d. 


"Solution  of  lonpl*  filtorad  prior  to  final  oxidation  with  potasniua  pornanqanat*. 
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G.  Interference  from  Chromium 


From  the  analysis  of  the  standard  steels  and  cast  irons  it  appeared 
that  elements  normally  found  in  such  samples  would  not  interfere.  However, 
on  attempting  to  apply  this  method  to  samples  with  more  than  3  percent 
chromium,  high  vanadium  results  would  occur.  Upon  "spiking”  pure  iron  with 
more  than  3  percent  chromium  and  about  1  trg  of  vanadium  it  was  found  that 
vanadium  recovery  usually  approximated  103  percent.  Therefore,  it  is 
recommended  that  this  method  be  limited  to  samples  containing  less  than  3 
percent  chromium.  Additional  experimentation  is  required  to  overcome  this 
interference. 


CONCLUSIONS 

Trace  amounts  of  vanadium  in  iron-base  metals  can  be  determined  with¬ 
out  chemical  separation  by  an  amperometric  titration  technique. 

In  addition,  the  solutions  of  such  metals  used  for  routine  chromium 
determination  can  be  subsequently  used  for  the  amperometric  titration  of 
vanadium. 

Vanadium  content  down  to  the  0.0002  percent  level  can  be  determined 
without  difficulty. 

When  more  than  3  percent  chromium  is  present,  the  chromium  should  be 
removed,  as  vanadium  results  may  tend  to  be  high. 
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APPENDIX  I 


PREPARATION  OF  STANDARD  SOLUTIONS 

A.  Standard  Ferrous  Ammonium  Sulfate  (O.OlO  normal)  -  Dissolve  3.9215 
grams  of  Fe (NH^) ,(S0^) 2* eHjO  in  about  250  ml  of  water  containing  2.8  ml  of 
concentrated  sulfuric  acid  and  dilute  to  1  liter.  This  solution  should  be 
standardized  daily  as  the  titer  changes  on  standing. 

B.  Potassium  Dichromate  (O.OOI8O44  normal)  -  Dissolve  0.4424  gram  of 
NBS  136a  KjCfjO^  in  water  and  dilute  to  bOO  ml.  Transfer  100  ml  of  this 
solution  to  a  1-liter  volumetric  flask  and  dilute  to  the  mark.  (This  dilute 
solution  (O.OOI8O44  normal)  was  used  in  all  standardizations  of  the  ferrous 
ammonium  sulfate. ) 

C.  Sodium  Vanadate  (0.0017  normal)  -  Dissolve  0.219  gram  of  NaVOj  in 
about  250  ml  of  water  containing  a  drop  (0.05  ml)  of  concentrated  sulfuric 
acid  and  dilute  to  1  liter.  Standardize  this  solution  with  the  above 
standard  ferrous  ammonium  sulfate. 

D.  Sodium  Vanadate  (0.00017  normal)  -  Transfer  100  ml  of  0.0017  normal 
sodium  vanadate  solution  to  a  1-liter  volumetric  flask  and  dilute  to  mark. 

E.  Sodium  Vanadate  (0.000017  normal)  -  Transfer  100  ml  of  0.00017 
normal  sodium  vanadate  solution  to  a  1-liter  volumetric  flask  and  dilute  to 
mark. 
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APPENDIX  II 


PROPOSED  CHEMICAL  PROCEDURE 


A.  Reagents: 

Sulfuric-phosphoric  Acid  Mixture  -  To  760  ml  of  water  add  160  ml 
of  concentrated  sulfuric  acid  and  80  ml  of  concentrated  phosphoric  acid. 

Silver  Nitrate-Nitric  Acid  Mixture  -  To  1350  ml  of  water  add  625 
ml  of  concentrated  nitric  acid  and  135  ml  of  silver  nitrate  solution 
(2.25  percent  in  water).  This  mixture  is  in  general  use  in  this  laboratory 
for  chromium  and  manganese  determinations. 

Ammonium  Persulfate  Solution  -  Dissolve  15  grams  of  (NH^I-SjOg  in 
water  and  dilute  to  100  ml.  This  solution  must  be  freshly  prepared. 

Potassium  Permanganate  Solution  -  Dissolve  0.3  gram  of  KMnO^  in 
water  and  dilute  to  200  ml. 

Hydrochloric  Acid  Solution  -  Dilute  50  ml  of  concentrated  hydro¬ 
chloric  acid  to  200  ml  with  water. 

Potassium  Nitrite  Solution  -  Dissolve  5  grams  of  KNOj  in  water  and 
dilute  to  100  ml. 

Urea. 

B.  Procedvire; 

1.  Transfer  2.000  grams  of  steel  sample  to  a  600-ml  beaker.  Add 
65  ml  of  sulfuric-phosphoric  acid  mixture  to  dissolve  the  sample.  Heat 
gently  until  action  ceases. 

2.  Oxidize  the  solution  with  17  ml  of  silver  nitrate-nitric  acid 
mixture  and  boil  to  expel  the  oxides  of  nitrogen. 

3.  Dilute  to  300  ml  with  water  and  bring  to  a  boil.  Carefully 
add  25  ml  of  ammonium  persulfate  solution.  If  no  permanganate  color 
develops  within  2  to  3  minutes,  add  dropwise  potassium  permanganate  solution 
until  a  pink  color  persists. 

4.  Boil  the  solution  gently  for  10  minutes. 

5.  Carefully  add  3  ml  of  hydrochloric  acid  solution  and  boil  for 

5  minutes  after  the  disappearance  of  the  permanganate  color.  Small  additions 
of  hydrochloric  acid  may  be  made  if  the  color  does  not  fade  within  a  few 
minutes. 
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6.  Cool  the  solution  to  room  temperature  and,  if  desired,  determine 
the  chromium  by  conventional  ferrous  ammoniiun  sulfate-potassium  permanganate 
titration.  In  general  the  titer  of  these  standardized  solutions  is  about 
0.06  normal. 


7.  After  the  determination  of  chromium,  or  after  complete  re¬ 
duction  of  chromium  with  ferrous  aninonium  sulfate,  add  potassium  perman¬ 
ganate  solution  dropwise  to  oxidize  the  vanadium  to  the  *5  valence  state. 

Add  about  12  drops  in  excess  after  the  permanganate  color  no  longer  fades. 

8.  After  2  to  3  minutes  add  potassium  nitrite  solution  dropwise 
to  dispel  the  permanganate  color,  that  is,  to  reduce  the  permanganate.  Add 
2  drops  in  excess. 

9.  Add  one  gram  of  urea  and  allow  the  solution  to  stand  for  about 
10  minutes  before  performing  the  amperometric  titration. 

10.  Amperometrically  titrate  the  vanadium  with  standardized  ferrous 
ammonium  sulfate  (See  Appendix  III). 


C.  Calculation: 


Percent  Vanadium 


mlpjjg  X  Npjig  X  0.05095 


X  100 


where 


"^FAS 

*^FAS 

0.05095 


■  milliliters  of  ferrous  ammonium  sulfate  required, 

■  normality  of  ferrous  ammonium  sulfate, 

«  milliequivalent  weight  of  vanadium,  and 
»  weight  of  sample  (in  grams). 
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APPENDIX  III 


AMPEROMETRIC  TITRATION  TECHNIQUE 

The  amperometric  titration  of  vanadium  described  here  is  based  on  the 
use  of  a  Sargent  Model  XXI  Polarograph.  Other  apparatus  capable  of  impress¬ 
ing  >1.00  volt  (versus  S.C.E. )  on  a  rotating  platinum  electrode  and  capable 
of  determining  small  currents  may  be  used. 

1.  Assemble  the  apparatus  as  shown  in  Figure  1,  with  the  beaker  con¬ 
taining  the  titrate  (solution  to  be  titrated)  in  the  field  of  the  magnetic 
stirrer. 


2.  Introduce  the  magnetic  stirring  bar  (a  Teflon-coated  bar  was  found 
quite  satisfactory). 

3.  Connect  an  agar-KNO,  salt  bridge  from  the  titrate  to  the  working 
compartment  of  the  H-cell.  This  working  compartment  contains  saturated  KCl 
to  minimize  changes  in  the  reference  compartment  due  to  ionic  migration. 

4.  Introduce  the  tip  of  the  microburet  (5-ml)  to  a  position  below  the 
surface  of  the  titrate.  The  tip  should  not  approximate  the  same  horizontal 
plane  as  the  rotating  platinum  wire  as  this  may  result  in  ferrous  aranonium 
sulfate  migrating  directly  to  it  before  mixing  with  the  bulk  of  the  titrate. 
Such  a  condition  will  cause  local  high  concentrations  of  ferrous  ions 
around  the  wire,  anodically  depolarizing  this  electrode.  Additional  time 
will  then  be  required  for  the  electrode  to  regain  equilibrium. 

5.  With  the  EMF  switch  of  the  polarograph  constant  at  +1.00  volt,  the 
sensitivity  setting  at  0.008  ^/ram,  the  platinum  electrode  rotating  and  the 
damping  switch  "off",  throw  the  DME  switch  to  the  proper  polarity  and  wait 
until  a  constant  current  is  reached.  This  will  most  likely  require  a 
minute  or  two. 

6.  After  constant  current  is  established  add  ferrous  ammonium  sulfate 
in  increments  of  0. 1  to  0. 2  ml  from  the  microburet  and  note  the  changes  in 
recorder  pen  deflection  (or  in  the  current).  Pen  deflection  may  pass  through 
a  maximum  but  it  is  the  final  unchangeable  pen  deflection  which  should  be 
recorded.  It  is  suggested  that  about  three  additions  of  ferrous  ammonium 
sulfate  be  made  in  order  to  determine  the  base  line  of  the  titration  curve; 
however,  in  cases  of  very  small  amounts  of  vanadium  this  is  impractical  and 
the  base  line  may  be  considered  the  initial  constant  current  line. 

Continue  adding  the  ferrous  ammonium  sulfate  at  a  moderate  rate 
and  until  the  recorder  pen  rises  about  20  mm  and  does  not  return  to  the 
vicinity  of  the  base-line  current.  From  this  point  on  add  ferrous  ammonium 
sulfate  in  increments  of  0.1  ml  or  0.05  ml  and  note  the  accompanying  pen 
deflections.  Three  to  five  such  observations  are  recommended  for  Increased 
certainty  in  the  construction  of  the  titration  curve. 
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7.  Plot  the  number  of  milliliters  of  titrant  added  versus  the 
recorder  pen  deflection.  Draw  a  straight  line  for  the  base  current  and  a 
straight  line  for  the  excess  ferrous  ammonium  sulfate.  The  point  of  inter¬ 
section  is  the  equivalence  point  of  the  titration.  (See  Figure  5). 

8.  Compute  the  vanadium  content  of  the  sample  as  shown  in  Appendix  II. 


-18- 


REFERENCES 


1.  MEITES,  L.  ,  Polarographic  Techniques,  Interscience  Publishers,  Inc., 

New  York,  1955. 

2.  PARKS,  T.D. ,  and  AGAZZI,  E.J. ,  Determination  of  Small  Amounts  of 
Chromium  and  Vanadium  by  Amperometric  Titration,  Anal.  Chem. ,  v.  22, 

1950,  p.  1179-81. 

3.  RULFS,  C.L. ,  LAGOWSKI,  J.  J. ,  and  BAHOR,  R.E. ,  Amperometric  Determination 
of  Vanadium,  Anal.  Chem. ,  v.  28,  1956,  p.  84-6. 

4.  HIETT,  T.A. ,  and  KOBETZ,  P. ,  Determination  of  Chromium  and  Vanadium  in 
Silica- Alumina  Cracking  Catalyst,  Anal.  Chem.,  v.  28,  1956,  p.  1495-7. 

5.  CAREY,  GEORGE  H. ,  A  Study  of  the  Formation  and  Dissolution  Patterns  of 
Oxide  Films  on  the  Rotating  Platinum  Electrode,  Watertown  Arsenal 
Laboratories,  WAL  TN  821.1/1,  December  1961. 


WATERTOWN  ARSENAL 
WATERTOWN  72,  MASSACHUSETTS 

TECHNICAL  REPORT  DISTRIBUTION 

Report  No.:  WAL  TR  823.3/1  Title;  Amperometrlc  Titrations 

March  I963  I.  Determination  of  Trace 

Amounts  of  Vanadium  in  Steels 
and  Cast  Irons 


Distribution  List  approved  by  1st  Indorsement  from  Ordnance  Weapons 
Commard,  ORDOW-TB,  dated  4  January  I962. 


No.  of 

Copies _ TO 


Office  of  the  Director  of  Defense  Research  and  Engineering, 

Room  3D-IO67,  The  Pentagon,  Washington  25,  D.  C. 

1  ATTN:  Mr.  J.  C.  Barrett 

Commander,  Armed  Services  Technical  Information  Agency, 
Arlington  Hall  Station,  Arlington  12,  Virginia 
10  ATTN:  TIPDR 

1  Defense  Metals  Information  Center,  Bat telle  Memorial  Institute, 
Columbus,  Ohio 

1  Solid  Propellant  Information  Agency,  Applied  Physics  Laboratory, 
The  Johns  Hopkins  University,  Silver  Spring,  Maryland 

Advanced  Research  Projects  Agency,  The  Pentagon, 

Washington  25,  D.  C. 

1  ATTN;  Dr.  G.  Mock 

1  Director,  Army  Research  Office,  Office  Chief  of  Research  and 
Development,  U.  S.  Army,  The  Pentagon,  Washington  25,  D.  C. 

1  Commanding  Officer,  U.  S.  Army  Research  Office  (Durham),  Box  CM, 
Duke  Station,  Durham,  North  Carolina 

Commanding  General,  U.  S.  Army  Materiel  Command, 

Washington  25,  D.  C. 

1  ATTN:  AMCRD-RS 

Commanding  General,  U.  S.  Army  Missile  Command, 

Redstone  Arsenal,  Alabama 

2  ATTN:  AMSMI-RB,  Redstone  Scientific  Information  Center 

1  AMSMI-RRS,  Mr.  R.  E.  Ely 

1  AMSMI-RKX,  Mr.  R.  Fink 

1  AMSMI,  Mr.  W.  K.  Thomas 

1  AMSMI-RSM,  Mr.  E.  J.  Wheelahan 


TO 


No.  of 
Copies 

1  Commanding  General,  U.  S.  Army  Mobility  Command, 

Detroit  9>  Michigan 

1  Commanding  General,  U.  S.  Army  Munitions  Command, 

Dover,  New  Jersey 

Commanding  General,  Headquarters,  U.  S.  Army  Tank- 
Automotive  Center,  Detroit  Arsenal,  Center  Line,  Michigan 

1  ATTN:  SMOTA-RCM.  1 

Commanding  General,  U.  S.  Army  Test  and  Evaluation  Command, 

Aberdeen  Proving  Ground,  Maryland 

2  ATTN:  AMSTE,  Technical  Library 

Commanding  General,  U.  S.  Army  Weapons  Command, 

Rock  Island,  Illinois 
1  ATTN:  AMSWE-DC,  Industrial  Division 

1  AMSWE-TX,  Research  Division 

1  AMSWE-IM,  Industrial  Mobility  Branch 

1  AMSWE-GU,  Security  Officer 

Commanding  Officer,  Harry  Diamond  Laboratories, 

Connecticut  Avenue  and  Van  Ness  Street,  N.W.,  Washington  25>  D.C. 

1  ATTN:  AMXDO-TEB 

Commanding  Officer,  Frankford  Arsenal,  Philadelphia  3T>  Pennsylvania 
1  ATTN:  SMUFA-1330 

1  SMUFA-02T0,  Library 

Commanding  Officer,  Plcatlnny  Arsenal,  Dover,  New  Jersey 
1  ATTN:  AMSMU,  Mr.  J.  J.  Scavuzzo,  Plastics  and  Packaging  Laboratory 

1  Commanding  Officer,  PLASTEC,  Plcatlnny  Arsenal,  Dover,  New  Jersey 

Commanding  Officer,  Springfield  Armory,  Springfield  1,  Massachusetts 
1  ATTN:  SWESP-TX,  Research  and  Development  Division 

Commanding  Officer,  Watertown  Arsenal,  Watertown  J2,  Massachusetts 
1  ATTN:  SMIWT-EX,  Chief,  Engineering  Division 

1  SMIWT-OE,  Industrial  Engineering  Section 

Commanding  Officer,  Watervllet  Arsenal,  Watervllet,  New  York 
1  ATTN:  SMEWV-RR 

Commanding  General,  U.  S.  Army  Chemical  Warfare  Laboratories, 

Army  Chemical  Center,  Maryland 
1  ATTN:  Technical  Library 


No.  of 
Copies 


TO 


1  Conmanding  Officer,  U.  S.  Army  Environmental  Health  Laboratory, 

Army  Chemical  Center,  Maryland 

Commanding  Officer,  Engineering  Research  and  Development  Laboratory, 
Fort  Belvolr,  Virginia 
1  ATTN:  Materials  Branch 

Commanding  General,  Quartermaster  Research  and  Development  Command, 
Natick,  Massachusetts 

1  ATTN:  AMXRC,  Clothing  and  Organic  Materials  Division 

Headquarters,  U.  S.  Army  Signal  Research  and  Development  Laboratory, 
Fort  Monmouth,  New  Jersey 
1  ATTN:  Materials  Branch 

Chief  of  Research  and  Development,  U.  S.  Army  Research  and 
Development  Liaison  Group,  APO  757,  New  York 
1  ATTN:  Dr.  B.  Stein 

Chief,  Bureau  of  Naval  Weapons,  Department  of  the  Navy, 

Room  2225,  Mvuiitions  Building,  Washington  25,  D.  C. 

1  ATTN:  RMMP 

Chief,  Bureau  of  Ships,  Department  of  the  Navy, 

Washington  25,  D.  C. 

1  ATTN:  Code  3^^ 

Chief,  Office  of  Naval  Research,  Department  of  the  Navy, 

Washington  25,  D.  C. 

1  ATTN:  Code  423 

Chief,  Special  Projects  Office,  Bureau  of  Naval  Weapons, 

Department  of  the  Navy,  Washington  25,  D.  C. 

1  ATTN:  SP  271 

Commander,  U.  S.  Naval  Ordnance  Laboratory,  White  Oak, 

Silver  Spring,  Maryland 
1  ATTN:  WM 

Commander,  U.  S.  Naval  Ordnance  Test  Station, 

China  Lake,  California 
1  ATTN:  Technical  Llbrairy  Branch 

Commander,  U.  S.  Naval  Research  Laboratory,  Anacostla  Station, 
Washington  25,  D.  C. 

1  ATTN:  Technical  Information  Center 


No.  of 
Copies 


TO 


U.  S.  Air  Force  Directorate  of  Resesurch  and  Development, 

Room  to- 313,  The  Pentagon,  Washington  25,  D.  C. 

1  ATTN:  Lt.  Col.  J.  B.  Shipp,  Jr. 

ARDC  Flight  Test  Center,  Edwards  Air  Force  Base,  California 

1  ATTN:  Solid  Systems  Division,  FTIBC 

AMC  Aeronautical  Systems  Center,  Vfiright-Patterson 
Air  Force  Base,  Ohio 

2  ATTN:  Manufacturing  and  Materials  Technology  Division,  IMBMO 

National  Aeronautics  and  Space  Administration,  1520  H  Street,  N.W., 
Washington  25,  D.  C. 

1  ATTN:  Mr.  G.  C.  Deutsch 

1  Mr.  R.  V.  Rhode 

Jet  Propulsion  Laboratory,  California  Institute  of  Technology, 

1|800  Oak  Grove  Drive,  Pasadena,  California 
1  ATTN:  Dr.  L.  Jaffe 

George  C.  Marshall  Space  Flight  Center,  National  Aeronautics  and 
Space  Administration,  Huntsville,  Alabama 
1  ATTN:  M-S&M-M 

1  M-F8cAE-M 

Commanding  Officer,  U.  S.  Army  Materials  Research  Agency, 

Watertown  72,  Massachusetts 
5  ATTN:  AMXMR-LXM,  Technical  Information  Section 

1  AMXMR-OPR 

1  AMXMIx,  Dr.  R.  Beeuwkes,  Jr. 

2  Authors 


72  --  TOTAL  COPIES  DISTRIBUTED 


I  ^  M  A  mO 

o  H  I  t,  p 

C  u  V)  n  4>> 

^  .p4  K  ^  a  ^ 

0  6*^  4>  *0 

Oi  0;  <4  if  ^  iH  4) 

>-4  js  0  ft  c4  U 

U3  U  0  M  4  >'  U< 


Q«l«flQ  I 


14)  0  m  O 
*->0  4 
0-2  0  . 


a  4)  «  u 

O'H  |3  <A  O 
•HU  ^  4» 
MO  •  4)  O 
M  *-  ►-)  4) 

4)  0  T3 
u  u  c/3  (O  a 

u  o  z  0 
<  x>  O  a 

S^-'S 

^sis 

o  a  rH  rj  0 

tf»  41  i~<  M  > 
•  M  a 
o  U  O  4 

M 

4)  «  ^ 

5  ac  M 

4.  4^  O  *->  U 

A«  ^06  a  4) 
41  (ri  a-o 

isjsi  |£ 

0*<  ja  «<  ‘«:U> 


4)  H  ••^  4»  4)  _ 

C),  a  a  u  M  g 

O  o'  O  p  3 

-•  TS  4«  e  5 

4)  <d  U  4>  C 

>  a  a  A  P 

4)  A)  4)  t 

T3  >  O^  S-x-® 

41  O  M  4)  4> 

4)  4)  M  T3  3 

A  M  O  (4  a 

♦-»  ra  O  <4  ^ 

MO  2 

0  a  -a  4)  4.  p 

d  O  O  A  •-•  M  • 


6  41  O  M  _ 

ja  4i  e  --•  4»  £  ^ 

*J  U  i.  O  M 

4  <4  M  4^  O.  ^ 

e  t,  .4^  cw  ^ 


*4  0  4>  E 

*■>  «  a  3  o 

MOM  ^  fj  '2  ® 

bx  O  a  M  E  £  <A 

*j  -w  o  a  O  E  •»4 
■*<*-•  O  U  4  ► 

a  o  ►» 

o  -*4  ♦-«  «4  OA 

•r.  e  M  44  O 

^  C  ««  <d  a  -4*  3 

4*  4)  O  0<  4>  44  O 

«  «->  41  O  3  -H 

E  4)  -o  M  t*  4* 

O  'O  a  4»  O  3 

U  «d  w  O.M  a 

4,  41  0  .*; 

o.^  M  U  <0  4)  E 

S,j  3  C 

4)  E  0  4«  «» 

b.  41  4)  3  4> 

a  O  <-<  ^  >0  3  4) 

<  •M  M  O  44  o  9 


•3  3  .0 

)  U  4*  O 
)  3  a  -H  o 
>  0<  4)  44  O 
4)  U  3  'H 


i)  E  3  44  4) 

y  41  3  4* 

4  A  ja  a  4> 

r>  O  44  O  V 


Sa  i«  ^ 
O*-!  4» 
«4  .H  w< 
k.  44  •J  a 

41  3  M  U 
44  a  3 
3 -*4  0  . 

d=-E«= 

as  •  4>  3  4) 
n  44  3  M 
3  41  4>  U 
0>HO  M  o 

••4  bi  4) 

M  O  .  4)0 

M  4i  41 

4)  3  44  ^ 

O  U(/iV3  a 
o  OZ  3 
^  A  O  3 
I  3  4-*  -44  «l 
^  44 

I  .  ^  6  3 


o  ua  4  , 

«*  <4h:»0l« 

3S  «4 

•  5^0-“ 

^  O  *  M  -4 

L.  4*  O  4.'  Vl 

&  u  as  a  4) 

4)  cd  a  T* 
CO  44  04  O  4) 

MO  39:  E  k* 

o^:«  <<&• 


1-5?  e- 

U  0  Its 

n  44  o,  b  k4 


M  3 
4)  e  ..4  M 
3  3  ^ 
(  ..*«  >*4  a 

lSSi.2 

.  O  b.  c  ► 


0  3  e  -H  « 

J  Cb  41  O 

4)  U  3  >*4 

3  M  i«  ^  M 

a  4)  O  3 

4  ^  Cb  M  a 


D  E  3  *4  4» 

I)  41  3  4* 

^  a  4) 

n  o  44  o  TJ 


M  4*  k* 
>■4  K  3  4> 

4)  <-4  4>  *0 

4)  3  M  4) 

44  a  3  b. 

CO  3  >  U. 


4>E--3a/- 

Cb  a  a  u  M  £ 

o  'H  o  a  a 

M  ^  4)  E  -H 

4)  3  b>  4>  E 

b  3  a  A  o 

4)  3  4*  4)  d 

■U  b  O  43  X  .3 

„  .  3  »  3  O 


:  44  a  a 

4  4)  3  O 

1)  a  M  ^ 
••*4  4)  g  44 
b.  O  3 

f)  4*  Cb  k>  k. 
4  Cb  44  f4 

3  4)  M  •<4 

4  U  -H  *a  fJ 


J  a  CO  ••'4  ..i4  o 

:.2  S  S  S  i.2 

4  4>  b.  O  u  ®  ► 


44  u  ks 

•3  H  JO 

>  b.  4*  O 

t  3  3  ..4  a 

)  O.  4)  44  o 

4>  u  a  >*4 

)  M  b.  M  44 

>  4)  O  3 

5  O.  M  3 


1  U  <0  «)  £ 

4  *4  ^  C 

/  E  3  44  «l 

y  5  3  4* 

4  ^  ua  a  4> 

0  CJ  4>  o  « 


I. 

I 


